A surface charge compensation electron flood gun has been added to the Lawrence Livermore National Laboratory (LLNL) highly charged ion (HCI) emission microscope. HCI surface interaction results in a significant charge residue being left on the surface of insulators and semiconductors. This residual charge causes undesirable aberrations in the microscope images and a reduction of the Time-Of-Flight (TOF) mass resolution when studying the surfaces of insulators and semiconductors. The benefits and problems associated with HCI microscopy and recent results of the electron flood gun enhanced HCI microscope are discussed.
INTRODUCTION
In the last few years increasing demands of the semiconductor industry for materials characterization at high spatial resolution have driven the instrument development field. To meet the increasing demands of the semiconductor industry for materials characterization at very high spatial resolution an impressive array of instruments have been developed (transmission electron microscopy, scanning tunneling electron microscopy, etc.). There is an equally impressive array of instruments and techniques available to determine material composition (secondary ion mass spectroscopy, Auger electron spectroscopy, photoelectron spectroscopy, etc.). The LLNL HCI driven emission microscope provides both high spatial resolution and very sensitive compositional analysis simultaneously it has been described in detail by Hamza et al. 1 . Emission microscopes are a special class of electron microscopes that accelerate and image low energy electrons and other charged particles from a planar surface. The history of emission microscopes began more than 100 years ago (see reference 2 ). The HCI emission microscope described here is a combination of two emission microscopes developed in the 1960s. The first an Ar + ion beam induced electron emission microscope 3 where the kinetic emission of electrons forms an image. The second a secondary ion emission microscope 4 where an ion beam is used to sputter secondary ions, which are imaged. In the present instrument electrons and secondary ions are imaged and the mass of the secondary ions is determined by time of flight. Thus, a variety of contrast imaging modes are available.
The emission microscope described here uses HCIs as the excitation source. The highly charged ions bring four crucial advantages, a large secondary electron yield, high secondary ion yields, high ionization probability of the secondary emission, and high molecular yields.
Highly charged ions carry considerable potential energy (the sum of the ionization potentials of the highly charged ion) to surfaces and this energy is released in the first few femtoseconds of surface interaction resulting in a highly localized energy deposition in the first few atomic layers of the surface 5 . In contrast is the case of singly charged ion induced secondary ion mass spectroscopy (SIMS) where most of the energy transferred to the surface comes from the kinetic energy of the projectile ion. This kinetic transfer is a multistep, relatively low cross section process that is distributed across a comparatively deep collision and is not localized to the surface layers. The localized energy deposition from a HCI/surface interaction results in very high (100s of electrons per primary ion) electron 6, 7 and (greater than one) secondary ion yields 8 . The ratio of the secondary ion yield to the secondary neutral yield gives ionization probabilities of 10% for HCI excitation 9 . This very high electron yield is employed to produce the very high spatial resolution. Present photoelectron emission microscopes can achieve less than 10nm resolution imaging single electron events 10 . The high secondary ion yield, particularly the high secondary molecular ion yield, and the high ionization probability that HCI excitation produces offer the potential of providing highly sensitive compositional information at high spatial resolution.
Unfortunately, the potential energy associated with the HCI surface interaction also involves charge deposition. This charge is of little consequence when the HCI is interacting with a conductor where the high electron mobility can dissipate the charge. However, in the case of semiconductors and insulators the surface charges up. This surface charging leads to serious distortions in the images produced in the HCI emission microscope as well as a significant reduction in the resolution of the secondary ion mass time-offlight spectra. This paper addresses one way around this charging problem.
EXPERIMENT
In this microscope a beam of highly charged ions in a single charge state (i.e. Xe 44+ ) from the LLNL EBIT 11 is focused onto the sample to be analyzed. The secondary electrons or ions are accelerated and focused onto a channel plate detector with a resistive anode position sensitive imaging system. The 
